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Abstract—Several neural network controllers for robotic 
manipulators have been developed during the last decades 
due to their capability to learn the dynamic properties and 
the improvements in the global stability of the system. In 
this paper, an adaptive neural controller has been designed 
with self learning to resolve the problems caused by using a 
classical controller. A comparison between the improved 
unsupervised adaptive neural network controller and the P 
controller for the NXT SCARA robot system is done, and 
the result shows the improvement of the self learning 
controller to track the determined trajectory   of robotic 
automated controllers with uncertainties. Implementation 
and practical results were designed to guarantee online 
real-time. 
 
Keywords—Nonlinear MIMO Systems; ADALINE; trajectory 
design; NXT SCARA Model. 
I.  INTRODUCTION  
Nonlinear control system consumes an increasingly 
essential placement in the region of process control engineering 
[1]. Robotic Manipulators are widely used in different fields of 
industry: for the purpose of saving time, effort, and sometimes 
life.For these reasons and due to the vast applications of robotic 
manipulators, the design of controllers to optimize the tracking 
and speed performance of robots has become a necessity and an 
important research area [2]. Therefore, the simple P controller 
implemented in a dynamic model of flexible manipulator. 
(Adaptive, NN, and fuzzy logic have been used for tip position 
control, as they are very effective, but more complex and 
difficult to design and analyze) in [3]. Henceforth, intelligent 
control has a special cerebrate on Neuro-control that can be 
used successfully to fix problematic real control that is usually 
nonlinear, noisy and complex. Four degrees of freedom are 
controlled by neural networks with fuzzy controller for driving 
trajectory robot and handing processing with certain job [4]. 
Also, neural networks are able to deal with nonlinearities 
and are used to improve an adaptive controller with unknown 
systems [5]. It is regarded as a powerful control technique due 
to its ability to learn and adapt [6]. By the 1980's, various 
adaptive approaches have been provided to a stable operation 
and asymptotic follow [7].  
When designing a controller to control the trajectory 
tracking performance of a manipulator, some of the problems 
encountered during the controller design process are: the 
inverse kinematics and dynamics problems. There is always a 
difference between the conventional mathematical model used 
for the manipulator and the real robot which would generate a 
considerable error between the desired and actual trajectories. 
Therefore, a conventional model-based controller is ineffective 
in controlling the robot in real time. Each joint of the 
manipulator is controlled by individual controller[8], [9], [10]. 
This is because such methodologies do not count for the 
coupled interaction between the joints which result in the 
generation of coupling disturbance torques between the 
different joints of the manipulator [2]. 
 
Adaptive linear networks (ADALINEs) are usually among 
designs pertaining to files prediction. Using this method is not a 
lot program in order to forecast nonlinear technique dynamics 
because it offers gradual throughout convergence [11]. It 
presents that offer even fast training, small memory 
requirements, simple usage and shorter computational times 
[12].  
 
This paper proposes a design and improvement adaptive 
MIMO (Multi Input Multi Output) with regard to real-time 
following management of manufacturing NXT SCARA 
(Selective Compliance Assembly Robot Arm), applying 
adaptive neural network. NXT means NEXT (Second Version 
of the Set of Lego Mindstorm) [13].The trajectory tracking 
controller problems of robot manipulators has been attracting 
widely attention [14]. The neural network will adjust the 
weights on line to enhance execution as it controls the NXT 
SCARA [15]. The designed controller is self-learning 
(Unsupervised) adaptive neural network based on modifying 
the ADALINE equation to concatenate between the inputs and 
outputs of the NXT SCARA system. The performance of this 
adaptive neural network based control strategy was compared 
with that of the conventional computed torque P 
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(Proportional)control method. The obtained simulation results 
proved the superiority of the designed adaptive neural network-
based controllers in compensating for both structured and 
unstructured uncertainties and demonstrated the effectiveness 
of the self learning controller [2].  
 
II. CONTROLLER DESIGN 
Artificial neural system proved to be a helpful instrument in 
managing applications, for example, pattern recognition, signal 
processing, image processing and various complex controls and 
mapping problems, etc.  Neural networks have been applied 
successfully to identify and control dynamic systems because 
of their learning capacity and ability to tolerate incorrect or 
noisy data [11]. However, the parallel distribution of the signals 
through the human neurons makes them capable of carrying out 
perceptual tasks such as face recognition much faster than the 
serially operated electronic circuits. Therefore, the strength of 
the human neurons lies in their parallel computing and signal 
distribution capabilities as well as their self-memorizing and 
learning characteristics [2]. 
One ANN (Adaline Neural Network) could be used instead 
of two P controllers. The second aim is to develop a neural 
network controller, which determines the correct control action 
to stabilize the system, and also can learn from experience [15]. 
A. ADALINE Library 
The Adaline is used to approximate ‘almost linear’ 
functions.The Adaptive NN is developed by using the neural 
network toolbox.  The particular obstruct diagram with the tool 
kit is shown in Fig. (1), that have an ADALINE and GMLP 
(Generalize multilayered perceptron) blocks of Simulink. These 
blocks posses same interface.So, the possibility of using these 
networks was quick and easy [15]. 
 
Fig.1. Block diagram of library toolbox of Adaptive Neural Network 
ADALINE is one of the essential models utilized for 
information expectation. In such neural network, the present 
output system is subject to the past output and on both the 
current and past inputs. So, the ADALINE have output 
feedback andremembering input/output data. The low 
computational intricacy makes this technique proper for online 
system to identify the real time adaptive control applications 
[11].  
An ANN can form the organization of the data that gets 
within learning time. The adaptive NN operates in real time; its 
computation may be carried out in parallel [12]. Fig. (2) 
represents the inputs and outputs of ADALINE, the error 
computes as,                  , e is error signal, y is adaptively output 
and ys is the output of Adaline learned function. 
 
ADALINE
xn
e
LE
ys
X
Input of 
neural 
network
error
Learning 
enable
Output 
(learned 
function)
State vector
 
Fig.2. The inputs and outputs of ADALINE 
 
The weights updated using gradient descent that minimizes the 
error squared among measurements and estimate values. It is 
used to adaptively approximate 
 
 
 
 
X is a state vector, K is bias vector, and Wo is the initial value of 
weights. 
The weights are updated according to the equation  
 
 
Where W (t) is weight matrix, e (t) is an error vector at time t, 
 
 timesample is T . 
B. Unsupervised Online Learning Using ADALINE Toolbox  
 
By modifying the ADALINE equation (3) of updating weights 
to connect the two inputs of NXT SCARA with the two 
outputs. The Simulink of unsupervised adaptive control is 
shown in Fig. 3. 
 
(1)                                *              kXWy 
(2)                 )(**1.0               0 tXWWy ss 
(3)                )(**)(*)(*)()( tWte
dw
dy
tWTtW s  
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Fig.3. Simulink of unsupervised adaptive NN 
 
 
Where xn1,xn2 are the first and second inputs of Adaline 
controller; respectively, LE is learning enable equal 1, and ys, 
ys1 are outputs of Adaline controller; respectively.  
In unsupervised adaptive control, there is no target to learn 
about it, the error signal is connected to the inputs of the 
controller since the controller is trained on line as shown in Fig. 
4. The block diagram, Fig.5. showed the system controlled by 
Adaline controller. 
 
Unsupervised 
Adaline controller
 
Fig.4. The Simulink module of system with unsupervised Adaline controller 
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Fig.5. Block diagram of controlled system 
 
We used Matlab m-files, codes and Simulink modules to 
control the NXT SCARA system by Adaline neural network 
toolbox in unsupervised method. The parameter block of 
Adaline is shown in Fig. 6 with learning rate of 0.05. 
 
 
 
Fig.6. The parameters of adaptive controller 
 
And the training weights are presented in Fig. 7, the weights 
are changed and updating to get the final values and stable 
weights as w1=0, w2=60.4, w3=-18.77, w4=0, w5=-18.77, and 
w6=68.6. 
 
 
Fig.7. The training weights of unsupervised control 
III. NXT SCARA SYSTEM 
The targets of the modeling are creating a unified device model 
with information about that structure and the functionality of 
this device. There is a kinematic structure that defines the 
appearance and movement capabilities of the robot[16]. The 
system consists of 3 DC motors for link1, link2, and pen; 
respectively. The first and second motors are used to move 
links for drawing the required trajectory as shown in, the units 
of the axis are centimeters in x and y, the x axis equal to 20cm, 
and the y axis is 25cm as shown in Fig. 8.This dependent on the 
maximum longest of the two links of robot and corresponded 
with the circular movement of the DC motors. 
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Fig.8. NXT SCARA system with paper sheet 
 
Figure9 represents the block of the inputs and the outputs of 
SCARA system, where PWM1, PWM2 and PWM3 are the 
control signal of link1, link2 and pen; respectively. Also, ϕ1m, 
ϕ2m are angle of motor1 and motor2. ϕ1 is the angle of link1; ϕ2 
is the angle of link2. 
NXT SCARA 
system
PWM1
PWM2
PWM3
Pen
2
1
m1
m2
 
Fig.9. Block diagram of inputs/ outputs system 
 
Where      and g is gear reduction ratio. 
A. NXT SCARA Modeling 
The NXT SCARA robot has an ability to perform high-speed 
operations and several different tasks [17]. SCARA was 
designed in Japan; it is used for small components like 
electronic component. Though the real robot is the final target, 
it is very useful to perform simulations [18]. NXT SCARA was 
considered as two-link planar robot arm with a coordinate 
system shown in Fig. 10. m1, m2 are link1 length and link2 
length; respectively. 
Y (m)
X (m)xx1
y1
y
1m
2m
1
2
 
Fig.10. System of two – link planar robot  
B. Kinematics and Inverse Kinematics 
Kinematic is a component of examining motion. In general, the 
motion was described via trajectories, velocities as well as 
accelerations. To measure the trajectories, the robot joint parts 
can be used by the angle of rotation joint or by the distance of 
translational joint [19]. Direct kinematics was represented by 
calculating the position of the end point robot from the joint 
angles.  By joint variables from the position of the robot 
endpoint, Inverse kinematic is calculated. [20] The inverse 
kinematic problem is not simple because its equations are 
nonlinear; their solution is difficult [21] Then, the position (x,y) 
has a geometricrelation with (     ) as follows: 
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x has described the position of the robot endpoint for solving 
the inverse kinematics, then calculating the joint angles from 
the position automatic robot endpoint. The actual cosine rule is 
employed. 
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The actual perspective in the second shared of the two-segment 
manipulator had been worked out since the inverse 
trigonometric purpose,  the elbow link of the planar 
manipulator is used to generate a time-varying disturbance to 
the base link [22].  
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IV. TRAJECTORY MAKING 
The trajectory is referred to the pervious time of position, 
velocity and acceleration for every degree of freedom by 
moving the tool from its initial position to the final position in a 
certain amount of time [23] for calculating the trajectory, the 
motion was described by a required duration and a final aim 
point. The trajectories are designed by m-files Matlab codes in 
equations or by determined points, to draw the required basic 
trajectory. The basic trajectory ηis varying with time that 
wholly dividedη into parts, and then connecting them with each 
other. This basic trajectory consists of straight line or circular 
arc.In general, permissive pathways specified of contain 
intermediate items; the manipulator is going for relaxation by 
way of position. Be able to pass through a point without stop, 
and so require generalizing the way in which is suitable for 
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cubic to the path constraints[24]. All these items become a few 
sought after sharing perspectives by request of the inverse 
kinematics. Then, considering the problem of cubic computing 
that connect the via-point values for each joint together in a 
smooth way. Using basic trajectory showing in Fig. 11. to make 
the procedure of a reference trajectory. 
)(tselect )(tdesign
Convert
)( ),( to
 )( ),(    
21 tt
tytx

)(tConvert
)( ),(   to tytx
 
Fig.11.Making treatment of a reference point trajectory with simple trajectory 
Generating a trajectory between two configurations, while 
we wish to define the start and end velocities of the trajectory. 
The cubic polynomial trajectory is giving a continuity in 
positions and velocities at the start and finish points, times, and 
providing discontinuities in the acceleration. The derivative of 
acceleration is called the jerk that may decrease tracking 
accuracy. In such case, we now have six demands: one each 
pertaining to primary and final options, primary and final 
velocities, and primary and final accelerations. Consequently, 
we require a fifth order polynomial [24]. 
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If t0 is start time, t1 is finish time and     ̇   ̈      ̇   ̈   are 
position, velocity, acceleration at t0 and t1; respectively. Then, 
calculate the coefficient                   as shown below 
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(16) 
There are two motions of a robot arm called CP Continuous 
Path motion and PTP Pose To Pose motion, CP motion is a 
blind of motion between targets, with the loss of path accuracy 
at the target transitions, and PTP motion is starting and 
stopping between configurations. The total trajectory is 
deriving from concatenating CP trajectory and PTP trajectory 
[8]. 
V. NXT SCARA CONTROLLER DESIGN 
It is a tedious job to control the robot manipulator for 
tracking the desired trajectory. By using the adaptive 
controllers and with indication of the tasks assigned to the 
robot, this can define the movement of the links and the 
effectors of the robot [25].The overall structure of a robot can 
be visible as a combination of sub-devices work together to fit 
the functionality of the robot; it consists of a controller and a 
multiple of sensors and actuators. The functional structure of 
the robot is formed by the sub-devices. Fig. 12 represents the 
components of a robotic closed loop system, and Fig.13. 
showed the Simulink module of NXT SCARA system and the 
adaptive controller. 
 
 
 
 
 
 
 
Fig.12.Components of a robotic system 
 
 
 
Fig.13.Simulink of unsupervised controller and NXT SCARA system 
 
 
VI. SIMULATION RESULTS 
All simulations are using MATLAB and SIMULINK 
which are used widely in control applications. By using ‘to 
workspace’ blocks, the data is issued to the Matlab. Data are 
estimated and validated. The comparison between the classic P 
controller, and the improved unsupervised self- learning 
Adaline controller. Results show that the controller action by 
the unsupervised adaptive control provides a faster speed and 
better robustness of robot manipulators with uncertainties. Fig. 
14 and15 show the error between the P controller output, and 
the unsupervised controller output. 
 
 
Fig.14. Error of motor1 angle of the circle trajectory 
Controller
Actuators
(DC motors)
Sensor
(rotary encoder )
Manipulator
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Fig.15. Error of motor2 angle of the circle trajectory 
 
From the figures, the error goes to zero, the weights of the 
network get together with final values, and the error is 
converged to zero; therefore, the network is trained. Calculate 
the root mean square error from (17) to get the value of error 
for the controllers as in table (1). It is clear that the error 
resulting from the unsupervised adaptive is less than the P 
controller.  
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1
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TABLEI.      THE ERROR VALUESOF CONTROLLERS 
 
 
 
The response of an output PWM control signal of controllers is 
presented in Fig. 16 and 17. The designed controller is 
overlapping the oscillation from P controller. 
 
Fig.16. Control signal PWM1 for the circle trajectory 
 
 
Fig.17. Control signal PWM2 for the circle trajectory 
 
The output of the NXT SCARA system is m1  and m2  for 
the circle trajectory shown in Fig.18 and 19. The unsupervised 
controller follows the reference signal in superiority. 
 
Fig.18. The output of NXT SCARA
m1  
 
Fig.19. The output of NXT SCARA
m2  
VII. IMPLEMENTATION RESULTS 
Utilizing the Lego Mindstorm robot unit is one of the best and 
simple
st 
metho
ds for building robotics with the latest technologies, servo 
motors, microcontroller computational force, and remote 
controllers. Using Lego Mindstorm elements gives an easy way 
to reconstruct the design in the improvement stage [26]. 
After the design of the robot, the operating system which is 
running on the brick of NXT is of high importance.  The joints 
must be stable enough for drawing a straight line, and with 
enough torque for pushing the pencil to the paper so that the 
line is well clear. Experiment results give our design results in 
better performance and simple structure. The simulation results 
have a good robustness[27]. A real-time experimental result of 
different controllers’ performance compared to NXT SCARA 
robot is reported. The study focused on tracking 
trajectories[28]and the result experiment showed that the 
unsupervised ADALINE  ANN controller is adapting the 
weights to give the desired value. Fig. 20. represents the 
complete system hardware. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.20. The complete system hardware 
 
Controller P controller Unsupervised NN 
Error1 22.79 21.49 
Error2 38.83 37.55 
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       In Fig. 21, a and b represent XY of the simulation result 
and experimental result for spiral trajectory;respectively, and 
we note that there is no difference between simulations and 
experimental. 
 
 
(a)                                      (b) 
 
Fig.21. Spiral trajectory (a) simulation result, (b) experimental result 
 
 
Also, Fig. 22, a and b shows the XY simulation result and 
experimental result for Matlab logo; respectively. The 
experimental results showed that derived similar results as 
simulation results. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a)                                              (b) 
Fig.22. Matlab logo trajectory (a) simulation result, (b) experimental result 
 
VIII. CONCLUSION 
The performance of adaptive neural network based control 
strategy was compared with that of the conventional computed 
torque control method through carrying out several simulations 
of the robotic arm. The obtained simulation results proved the 
superiority of the unsupervised adaptive neural network-based 
controllers over a conventional computed torque rejection 
controller in compensating for both structured and unstructured 
uncertainties. The unsupervised learning control is able to be 
used for controlling the NXT SCARA system in real time.  
From experimental results, the designed controller was  capable 
of  controlling  current  dynamics  of the  NXT SCARA  
effortless and also reduces  the  tracking error and give less 
RMSE value. The neural network controller created is based on 
the unsupervised control which gives the online forecast and 
control quickly and exactly. The error signal is fed back into 
the Adaline when disturbance happens during control operation 
to fit the network weights. 
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